The immunoflourescent antibody technique (IFAT) and cell culture isolation procedures were compared for their efficiency in the etiological diagnosis of viral respiratory illness in children. Before the IFAT was incorporated as a routine procedure, antisera used in the test were carefully calibrated to insure specificity. A study was then conducted in which 375 nasopharyngeal suctions were investigated by both IFAT and isolation for the presence of parainfluenza virus types 1, 2, and 3, respiratory syncytial, influenza A, and influenza B viruses. Methods already established in our hospital for patient management and specimen collection were not altered for the purposes of the study. The IFAT, as conventionally practiced in the detection of respiratory virus antigens, requires adequate numbers of ciliated epithelial cells. There were 68.5% specimens which contained cells suitable for IFAT, whereas 31.5% had either an insufficient number or inappropriate types of cells and could be used only for virus isolation. Cell-associated immunoglobulins were detected in 16% of those specimens with adequate cells. When all specimens were considered regardless of their cell population, IFAT was inferior to isolation in diagnostic efficiency. However, isolation complemented by IFAT resulted in a statistically significant increase in number of positive virus identifications. Under routine working conditions in a large pediatric hospital, it was found that IFAT could not replace isolation techniques but could, if used in conjunction with isolation, provide a significant overall increase in number of positive diagnoses. The time that the specimen was taken in relation to first symptoms was found to be an important variable with respect to the method most likely to succeed in virus identification.
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Although the immunofluorescent antibody technique (IFAT) is generally thought to be of potential value in the rapid identification of viruses, it has not been widely adopted as a routine diagnostic tool. This may be due in part to the fact that to insure test specificity and validity of results, extensive preliminary operations must be performed before the technique can be incorporated as a routine procedure. In addition, the technique has not been adequately evaluated in routine clinical laboratory settings in which large numbers of specimens are examined for a battery of pathogens.
Use of indirect IFAT performed directly on cell smears from nasal swabs or nasopharyngeal secretions has been described in the diagnosis of parainfluenza viruses (14) , influenza viruses (3, 4, 10, 17, 20, 21, 30, 31) , and respiratory syncytial (RS) virus (7, 12, 16, 22, 29, 33) . Application of the method has, however, been confined to screening of specimens for only one or several viruses and for the most part, clinical evaluations have been conducted on a relatively small number of specimens.
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In this paper we are reporting the use of IFAT to routinely scan 375 nasopharyngeal suctions for six different viruses commonly associated with significant respiratory infections in children. Procedures of specimen collection and patient selection were not altered from the usual routine, the purpose being to conduct a trial of methods under normal hospital conditions. A statistical comparison was made of the diagnostic efficiency obtained using IFAT alone, isolation alone, and IFAT used together with isolation.
MATERIALS AND METHODS IFAT materials and techniques: slides for IFAT. Wells were made on glass microscope slides using glycerol and Fluoroglide (Chemplast, Inc.), by a method described by Goldman (15) . To reduce cell loss during the staining procedure the method of slide preparation was later modified to include a 6-h wash in 4-N hydrochloric acid.
Virus antigens for IFAT. Reference viruses were recent patient isolates from inoculated organ cultures of human fetal nose or trachea (18) . Culture medium consisted of minimal essential medium (MEM; Bio-COMPARISON OF IMMUNOFLUORESCENCE Cult Laboratories) containing 2% gamma globulinfree newborn calf serum (GIBCO). Virus strains were typed in our laboratory by complement fixation (CF) and/or hemagglutination inhibition (HAI) tests, using reference antisera from various commercial sources. Viruses were subsequently maintained in organ cultures to minimize the possibility of contamination with latent or simian viruses. When approximately 75% of cells were infected, as judged by a series of preliminary IFAT trials, IFAT antigens were prepared as follows. Tissue fragments were washed in phosphate-buffered saline (PBS) (pH 7.2) and cells were smeared on wells of microscope slides. Antigen controls were prepared using cells from uninoculated organ cultures. Preparations were air-dried, fixed in acetone at 4 C, and stored at -70 C in the presence of anhydrous potassium carbonate (J. Rajcani, personal communication).
Antisera used in IFAT. Antisera to parainfluenza types 1, 2, and 3 and to RS virus were equine in origin and were obtained either from Flow Laboratories or from the Centre for Disease Control, Ottawa. Antisera to influenza types A2/HK/68 and B/Can/66 consisted of human convalescent sera. Guinea pig and rabbit antisera against parainfluenza types 1, 2, and 3 were initially tested, but proved unsatisfactory because of low titer and cross-reactivity by IFAT at low dilution. By CF and/or HAI tests viral antisera contained high levels of antibody to their homologous virus antigens. Negative control horse and human sera contained little or no antibodies by CF and/or HAI tests to any of the viruses under investigation.
Prior to use in the IFAT, all sera were absorbed at least twice with a 10% (wt/vol) suspension of homogenized human fetal lung tissue. To remove contaminating RS antibodies, influenza B antiserum was absorbed on IFAT staining. Negative control or antiviral sera were applied to uninfected or virus-infected cells on IFAT slides and incubated for 30 min at 37 C, after which the slides were washed for 30 min in three changes of PBS and air-dried. Conjugated antiglobulins were then applied, and the slides were again incubated and washed, as described above. Preparations were counter-stained with 0.001% Evans blue, rinsed in distilled water, air-dried, and mounted in Elvanol (24) . All incubation and washing were done in one vessel consisting of a covered plastic tray with raised ridges to support the slides and troughs to accommodate water for humidity control or eluate from the washing procedure. The tray was supported in a thermostatically controlled shaker-type water bath which served both functions of temperature control and agitated washing (Fig. 1) .
Microscopy and photography. Microscope examination of IFAT preparations was made with a Zeiss Universal fluorescence photomicroscope, equipped with an HBO 200 mercury lamp and a dark-field oil immersion condenser. UG1 and BG38 exciter filters were used in combination with a no. 41 Zeiss barrier filter. Preparations were photographed using Anscochrome 500 color film. Black and white prints were prepared from color transparencies.
Calibration of antisera by IFAT. To insure that antisera were specific, each was calibrated in the following manner. Using IFAT, each virus antiserum was titrated to its end point against homologous virus antigens. The end point was defined as the highest dilution of antiserum which still reacted with greater than 50% of infected cells and with 3 to 4+ intensity. To insure the absence of cross-reactivity with heterologous virus antigens, each antiserum was then titrated against the other virus antigens included in the study and against antigens of mumps virus and adenovirus types 1, 2, 3, 5, and 7. In this case the end point was defined as the highest dilution of antiserum which exhibited even the slightest amount of cellular fluorescence which might be mistaken for specific fluorescence. For each antiserum an "optimal dilution" was determined. At the optimal dilution the antiserum was strongly positive for the homologous antigen (greater than 50% of infected cells positive with 4+ intensity), but was clearly negative for all Fitu Clinical study: preparation of patient specimens. Patients in the study had a history of recent upper respiratory infection or signs and symptoms of pneumonia, laryngo-tracheo-bronchitis, bronchiolitis, or pertussis-like syndrome. There was neither any particular patient selection nor unusual care exercised during the collection of nasopharyngeal suctions, the purpose being to conduct the study under conditions which normally pertain in our hospital for the investigation of respiratory infections. A total of 375 nasopharyngeal suctions collected by the method of Auger (1) were processed for cell culture isolation and for IFAT within 12 h of their receipt in the laboratory. Suction tubes were rinsed of their contents with 8 ml of MEM containing 2% gamma globulin-free fetal calf serum, as well as penicillin G, mycostatin, and kanamycin at concentrations of 100 U/ml, 50 U/ml, and 100,g/ml, respectively. Cells and fluid were mixed gently and centrifuged, and the supernatant fluid was removed with the exception of 1 ml which was used to resuspend the pelleted cells. One-half of the fluid with cells was mixed with the decanted supernatant fluid, and this was used for inoculation of cell cultures. The remaining 0.5 ml was used for IFAT.
Isolation procedures. Cells used for isolation procedures consisted of HAE/70 amnion cells and primary African green monkey kidney cells (GMK) (Flow Laboratories). When available, organ cultures were also used. All cultures were maintained in MEM containing 2% calf serum and antibiotics and incubated at 33 or 37 C. Monolayers of HAE/70 and GMK cells, and organ cultures were inoculated in duplicate with 2 ml of MEM-nasopharyngeal secretion mixture. The remainder of the inoculum was stored at -70 C for use in the event that further tests might later be indicated. Cultures were examined daily for cytopathic effect and tested at weekly intervals for hemagglutination with 0.05% washed guinea pig erythrocytes. Those cultures exhibiting cytopathic effect or hemagglutination were harvested, and the virus was typed by CF and/or HAI tests. All cultures were passaged at least twice before being discarded.
IFAT procedures. Nasopharyngeal cells suspended in 0.5 ml of medium were centrifuged at 127 x g for 10 min, and the supernatant fluid was withdrawn and discarded. The cell pellet was washed once with PBS and then resuspended in several drops of PBS; the resulting suspension was spotted on wells of microscope slides. These were fixed and stored at -70 C until use. Each standardized virus reference antiserum at its optimal dilution was applied in duplicate to wells bearing the patient specimen. Control wells receiving only conjugated antiglobulins were included for each specimen.
Elution techniques. In an attempt to remove globulins which were within or on nasopharyngeal cells, elution with acidic buffer (11) Negative control sera for each species were used at a dilution corresponding to the lowest optimal dilution of viral antiserum. Hence, negative control horse and human sera were both used diluted to 1:32. Neither horse nor human negative control sera contained antibodies which reacted by IFAT to any of the antigens investigated. Likewise, no antiserum reacted with specific fluorescence when applied to uninfected control cells.
Repeated testing of reference antisera at their optimal dilutions on virus-infected and control cells indicated that they were absolutely specific and would be reliable in the clinical study.
Clinical study: specimen quality. A total of 375 specimens were examined. Of these, 257 (68.5%) had sufficient and appropriate cells for IFAT; 118 (31.5%) had either an insufficient number of cells or inappropriate types of cells consisting entirely of squamous epithelial cells or polymorphonuclear leukocytes. A specimen was considered acceptable for IFAT if it contained more than eight ciliated nasopharyngeal epithelial cells per well. Early in the study it became apparent that squamous epithelial cells, when present, fluoresced nonspecifically. However, because squamous cells were easily distinguished from ciliated epithelial cells by their shape and size, this complication did not create a problem of distinction between specific and nonspecific fluorescence.
Staining patterns. Fluorescent antigens of parainfluenza types 1, 2, and 3 (Fig. 2a, b , and c, respectively) consisted of discrete, often globular, cytoplasmic inclusions; no distinction of serotype could be made on the basis of staining pattern. RS virus fluorescent antigens (Fig. 2d) were also located in the cytoplasm and consisted of tiny particulate inclusions. Influenza A antigens were present diffusely in the nucleus and/or cytoplasm and often occupied the whole cell (Fig. 2e) .
Immunofluorescence compared with isolation. Results obtained both by IFAT and by isolation procedures on those specimens with sufficient and appropriate cells for IFAT are presented in Table 2 . In 90 of the 257 specimens (35.0%), a diagnosis of one of the viruses under investigation was made: 26 specimens were positive by IFAT but negative by isolation; 31 specimens were positive by isolation but negative by IFAT; and 33 specimens were positive by both methods. No specimens were found positive for influenza B either by IFAT or by isolation; this agent was not prevalent in the region for the duration of the study (5) . There were 118 of the 375 specimens (31.5%) which had insufficient numbers or inappropriate types of cells and were therefore suitable only for isolation procedures. Positive isolations of viruses investigated in the IFAT isolation test system were made from 17 of these 118 specimens: 10 were RS virus, 6 were influenza A, and 1 was parainfluenza type 3.
A comparison of diagnostic procedures and their efficiency in the detection of each virus is presented in Table 3 ; the number of positive identifications obtained when only specimens with adequate cells are considered and when all specimens are considered are shown. When considering those specimens with adequate cells (257 specimens), 59 positive diagnoses could be made using IFAT as the only diagnostic procedure, 64 could be made using only isolation, and 90 could be made using both methods. A chi-square test of significance revealed that there was no difference between IFAT and isolation in terms of the number of positive diagnoses (P > 0.05). However, a significant increase in number of identifications was obtained when both methods were used, compared with using IFAT only (P < 0.01) or isolation only (P < 0.02). When all specimens are considered, without regard to the presence or absence of adequate cells (375 specimens), 59 (15.7%) positive diagnoses could be made using IFAT as the only diagnostic procedure, 81 (21.6%) could be made using only isolation, and 107 (28.6%) could be made using both methods. The number of positive diagnoses obtained using isolation only was significantly greater than that using IFAT only (P < 0.05). Moreover, the number of positive diagnoses using both methods was significantly greater than that obtained using either IFAT only (P < 0.01) or isolation only (P < 0.05). A comparison of diagnostic procedures and their efficiency in the diagnosis of each virus, when all sp1cimens are considered, is presented in Fig. 3 In 163 of the total 375 specimens (43.5%), agents which could have been responsible for the clinical symptoms were identified. A summary of all infectious agents recovered is presented in Table 4 . RS virus was the most common agent encountered, accounting for 16.5%, followed by B. pertussis (7.7%) and parainfluenza type 3 (5.8%).
Globulin coating. Forty of the 257 specimens which were suitable for IFAT (15.6%), exhibited positive fluorescence in all wells which received anti-human conjugate, including the conjugate control well which received only the conjugate. This finding suggested that globulins were present on or within the nasopharyngeal cells of these patients. Cells of specimens which were positive for globulins using anti-human conjugate did not stain using anti-horse conjugate. Twenty-five of these specimens were positive for infectious agents by isolation and/or IFAT. Fifteen specimens were not diagnosed. The number of specimens positive for globulin coating, the type of infectious agent recovered, and, where relevant, the method of diagnosis are presented in Table 5 .
To ascertain whether bound immunoglobulins could be eluted from cells by treatment with acidic buffer, thus exposing antigens which would otherwise be masked by antibody, a series of 82 specimens with adequate cells were treated with acidic buffer before being exposed to conventional IFAT. Duplicate slides of the same specimens were stained by IFAT in the usual manner, without prior treatment. Results obtained in both series were identical: acid treatment neither removed antibody nor changed the result obtained in any specimen.
Five specimens which, by IFAT, exhibited the presence of globulin and which were shown to contain virus by IFAT and/or by isolation, were subjected to further immunoflourescence studies to determine the class of globulin present. Cells from the patient's original specimen which had been stored at -20 C were thawed, centrifuged, and spotted on IFAT slides. Separate wells received H-chain-specific conjugates: anti-human IgG, IgM, and IgA, respectively, and anti-human IgG, IgM, and IgA combined. Of five specimens so treated, all were strongly positive with the combined conjugate containing anti-IgG, IgM, and IgA. All were negative for H-chain-specific IgM, four were positive for NO Methods already established in our hospital for patient management and specimen collection were not altered for the purposes of this study. Several of these practices might be expected to influence the quality of nasopharyngeal suction. Usually only one suction was taken during the course of each patient's illness and suctions were often performed by junior nursing and medical staff. The thoroughness of the individual performing the suction can influence the quality of specimen; hence, ideally one skilled person should perform all procedures. In addition, the number and type of cells shed into the respiratory tract might be expected to vary with the stage of infection and it would therefore be advisable to obtain several suctions from each patient during the course of his illness. In a large pediatric hospital, uniform conditions of specimen collection are difficult to achieve in practice. In addition, it is not always justifiably in the patient's best interests to take a series of specimens.
Of the specimens found to be positive for one of the viruses under investigation in the IFAT isolation test system only approximately onethird (36%) were positive by both IFAT and isolation, whereas 34% were negative by IFAT (positive by isolation only), and 29% were negative by isolation (positive by IFAT only). Some of those specimens which were negative by one of the methods might have been confirmed positive by a specific antibody rise, had serological information been available. However, patients were almost invariably discharged from hospital before a convalescent blood could be taken. It seemed possible that the time that the specimen was taken in relation to first symptoms might have had some bearing on the outcome of either IFAT or isolation techniques. A retrospective examination of each patient's history was therefore undertaken. It was found that, of the 26 specimens which were negative by isolation, all had been taken more than 5 days after first symptoms, whereas, of the 31 specimens negative by IFAT, 18 had been taken during the first 5 days of illness. A chi-square test revealed a significant relation between the method of virus identification and the time during illness that the specimen was taken (P < 0.01). Similarly, a chi-square test relating the total number of specimens positive by each method (including those positive by both methods) and time revealed that those specimens positive by IFAT tended to occur in the group taken more than 5 days after first symptoms, whereas those positive by isolation occurred in the group taken during the first 5 days (P < 0.01). These findings suggest that IFAT A similar relation was found by CradockWatson et al. (7), who reported that RS virus could be demonstrated by IFAT longer than infection could be detected in cell culture and that the isolation rate fell markedly between the second and the sixth days after hospital admission. Gardner et al. (13) has suggested that difficulties encountered in isolation of RS virus in specimens taken 7 days after onset of illness are due to the presence of globulins. The appearance in human nasopharyngeal secretions of specific neutralizing antibodies in response to infection with parainfluenza viruses (29, 33) , influenza viruses (35, 36) , and RS virus (19, 28) has been well documented. Although neutralizing antibody might prevent virus replication in cell culture, it could be speculated that some antigenic sites remain free of antibody and therefore available to react in the IFAT. If the presence of globulins were instrumental in preventing isolation of virus while allowing antigen identification by IFAT, we would have expected a significant number of those specimens which were negative by isolation (but positive by IFAT) to contain globulins. Of the group of 26 specimens negative by isolation, 10 were positive for globulins, whereas, of the 31 specimens negative by IFAT, globulins were present in six. A chi-square test revealed that there was no significant relation between the method of virus identification and the presence or absence of globulins (P > 0.10). Morever, there was no relation between the total number of specimens with globulins and the number taken more than 5 days after first symptoms (P > 0.30).
Three approaches for the identification of respiratory virus pathogens have been compared: (i) the use of IFAT only, (ii) the use of cell culture isolation only, and (iii) the use of both IFAT and isolation. When only those specimens with sufficient and appropriate cells were considered, there was no statistically significant difference between IFAT and isolation in terms of the number of positive diagnoses made. There was however, a significant increase observed when both techniques were used. To make a realistic assessment, all specimens regardless of their cell population must be considered. A third of the total number of specimens investigated were unsuitable for IFAT because the quality or quantity of the contained cells was inadequate; these so-called inadequate specimens yielded additional diagnoses by isolation procedures. Vhen all specimens regardless of their cell population were considered, the diagnostic efficiency of IFAT was found to be clearly inferior to that of isolation. The number of positive diagnoses that would have been made if IFAT had been the only diagnostic method was significantly less than the number that would have been made if isolation only had been used. Use of both techniques resulted in a statistically significant increase in diagnostic efficiency. Review of Fig. 3 reveals that the observed increased efficiency was due to additional identifications of parainfluenza type 3 and RS virus and that no advantage was obtained by the addition of IFAT to isolation procedures in the diagnosis of parainfluenza type 1, parainfluenza type 2, or influenza A. However, these latter viruses do not appear to have been prominent respiratory pathogens during the time period of our study (5) , and a more valid assessment of techniques would have been possible if more cases of infection with these viruses had been available for study.
Immunoglobulins were detected by IFAT in approximately 16% of specimens with cells suitable for immunoflourescence. Although infectious agents were associated with more than half of these (62.5%), no agent was identified in the remainder. Total masking of antigen by antibody, resulting in inaccessability of virus antigens to detection by IFAT or isolation, might have been responsible for this finding, but the possibility also exists that some specimens contained novel agents, not tested for by immunoflourescence and not isolated under routine laboratory conditions. Since no infectious agent was found in more than one-third of specimens with associated globulins, it would be of interest to examine by electron microscopy thin sections of cells of such specimens to determine if some agent(s) other than those tested for under routine laboratory conditions is present.
The cells of five specimens which exhibited the presence of immunoglobulins were examined by IFAT to determine the class of immunoglobulin present. IgA was present in all five, and IgG was present in four of the five in lesser concentration. There was no IgM. These findings are in agreement with those of other workers who have reported that the y-A immunoglobulins are the predominant immunoglobulin class in nasal secretions (2, 6, 8, 9, 23, 25, 26, 28, 34) . Virus neutralizing activity has been shown to be associated almost exclusively with this immunoglobulin (9, 25, 28, 34) . IgG is also found in nasal secretions but at a lower concentration (2, 8, 9, 23, 26, 28, 34) . Treatment of specimens with acidic buffer prior to conven-tional staining did not result in removal of globulins. The conditions of elution were those found to be optimal for the removal of globulins from brain tissue of fatal cases of subacute sclerosing panencephalitis (unpublished data), but we speculate that different conditions might be required for elution from unsectioned cells or cells not excessively damaged in the course of virus replication.
We have shown in this study that, in the routine diagnosis of viruses associated with respiratory illness, IFAT can gainfully complement but cannot replace existing techniques of virus identification. A statistically significant increase in number of positive diagnoses was obtained by using IFAT in addition to isolation techniques. Although IFAT offers rapidity of test results, prior to its incorporation as a routine method, a great deal of time and effort must be expended in obtaining an adequate supply of calibrated specific antisera to the several viruses in the test scheme. We have shown that certain factors can affect the outcome of the IFAT. The quality of specimen is of prime importance as sufficient and appropriate cells must be present. In this context, the thoroughness of the nursing and medical staff is of importance. When large numbers of specimens are collected by relatively junior staff the quality of nasopharyngeal specimens is likely to be variable. Doubtless, more favorable results might have been obtained had we confined our study to clearly defined epidemic respiratory illnesses and stipulated that specimens be taken only by experienced personnel. The time that the specimen was taken in relation to first symptoms was also found to be an important variable with respect to the method most likely to succeed in virus identification. Isolation appeared to hold a diagnostic advantage in the first 5 days of illness, whereas IFAT was superior at later stages of infection.
